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ABSTRACT

The feasibility of m~king an illuminating candle

which produces a luminous intensity of 25 million

candles is demonstrated. The goal is achieved by

igniting all surfaces of a star shaped cavity which is

formed through the center of the candle. Two hor-

zontally opposed flames are generated by this candle.

The relationship between candle diameter and

the ability of that candle to generate light efficiently

is reported. This study includes data for both pressed

and cast candles and shows the effect of different

binder types. A general degradation of efficiency is

observed as the cast candle diameter increases from 4

inches to 2h. inches. The pressed candle series shows a

maximum near the 4 inch diameter with degradation to

either side.

Silicone, epoxy-polyglycol, polyester, polysulfide,

and various combinations of these binders are described

as they are used to make candles for the diameter study

and the 25 million candle flare. A study of flare

compositions consisting of magnesium and sodium perch-

lorate, the latter being partially dissolved in various

methacrylate monomers is reported. A limited environ-

mental program for a 4.5 inch diameter candle cast in

an aluminum candle case and the development of a liner

system for that candle is described. A polyester-epoxy
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binder is used successfully to make a cast candle

whose luminous efficiency is comparable to a candle

made by the conventional pressed method.

Flame orientation and flame size effects are

described. Contrary to common opinion, it is shown

that a small flame size rather than a large flame from

a given candle diameter is associated with candles

which produce light with high efficiency. The binder is

shown to be a major factor in the generation of various

flame sizes and thus strongly influences the candle

efficiency.
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INTRODUCTION

This exploratory development program was con-

ducted between June 1966 and June 1967 for the Air

Force Armament Laboratory, Eglin Air Force Base,

Florida, under MIPR-PG-6-58. The main objectives

of the program were twofold. One goal was to demon-

strate the feasibility of making an illuminating candle

which has a luminous intensity of 25 million candles.

This is a five-fold increase over the intensity de-

livered by the BRITEYE candle. The second goal was to

conduct a study of the relationships between the diameter

of a candle and the efficiency of light production from.

that candle. Both goals were attained during the con-

tract period.

To assist the reader, the report is divided into

four parts. Part I deals with the 25 million candle

flare, Part II with the diameter studies, Part III with

binder studies, and Part IV with flame orientation and

flame size effects. Although the report is divided for

convenience, it is noteworthy that all phases of this

work are interrelated; that is. information generated

in any one part is also utilized in the other phases in

3

a . .



an effort to extract the maximum amount of data from a

minimum amount of work and hardware expenditure. With

these remarks, the reader is encouraged to view this

work as an integrated program instead of four dis;inct

tasks.

The report is bound in two volumes. The main body

of the report is in Volume I. The Appendices are in

Volume II. A Table of Contents, Abstract, and Intro-

duction for the entire report has been inserted at the

beginning of each volume for convenience.

4I



APPENDIX I

FLARE FABRICJLTION FROCESS

Magnesium. and sodium nitrate have been used extensively for
W

making illuminating flare cmmpositions. Their granular size is

often varied to cause changes in the burning rate of the composi-

tion. Also, the ratio of these ingredients causes changes in

the burning rate as well as the efficiency (cd-sec/g). A third

ingredient is normally added to the system. That ingredient,

the binder, is normally a plastic in monomeric form which later

can be polymerized to bond the composition to itself and to its

container. In compositions prepared for casting, the binder

content normally ranges from 9 - 15% by weight.

j Generally, in preparing the composition, the binder and

magnesium are preblended in a mixer. This preblending process

desensitizes the magnesium, reduces the dust hazard, and in-

hibits surface oxidation of the magnesium particles. The sodium

nitrate is later added to the preblend. This mass is then mixed

until a homogeneous blend is obtained. When the binder content

is about 12%, the composition has physical properties analogous

to freshly ground hamburger. The material doesn't flow nor seek

its own level. It can be molded, formed, and packed -under mild

pressure.

The general procedure for making a candle consists of tamping

the composition in place under pressure of about 50 - 60 psi. The

star cavity is formed by means of a mold which is later removed.

After polymerization of the binder system, the composition is
copsS ni
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rigid and strong. The composition must also adhere in some man-

ner to the flare container. This is necessary tc prevent pre-

mature burning in the composition-case interface. A good bond

between these two surfaces can be achieved by various techniques.

One technique is to bond the composition directly to the case.

Another is to introduce a liner between the case and the composi-

tion. That liner is bonded to both the case and the composition.

The case bond must usually be able to withstand severe chinges of

temperature such as -650F to +160°F and be sufficiently strong to

withstand the normal safety and durability tests. Accordingly,

the bond system must be deeloped in conjunction with the candle

hardware.

6



APPEIdIX II

STAR CONFIGURATION COMPUTATIONS

by Ralph Chipman

The configuration of an internal burning cavity was investi-

gated. Te problem was to determine tha configuration of a star

shaped cavity put in the center of a 16 inch flare that would

produce a constant burning as the flare burned internally from

the center oatward. Since the burning surface is the product

of the length of the flare and the perimeter of the cross sec-

tion of the burning area, the problem reduces to obtnining a

configuration that produces a constant cavity perimeter during

burning. Equations to compute the perimeter were developed as-

suming the burning rate perpendicular to the burning surface was

constant in all directions. Using these equations, a computer

program was written to compute perineter versus linear displace-

ment of the burning surface for various shaped stars. Since

five inches of linear burning was desired, the diameter of the

star was fixed at six inches.

Although the goal of constant perimeter was not achieved,

the best resalts came from a six-pointed star with the dimensions

shown in Figure 1. Figure 2 shows a cross section of the theoreti-

cal burning surface at various burning distances for this con-

figuration and a graph of the perimeter versus diameter is shown

in Figure 3. As can be seen from the graph, the perimeter is

nearly constant for the first two inches of burning and then

1 7
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1. 345

70

PERIMETER=30.59 IN.
AREA =7.85 SQ. IN.

Figure 1-Cross Seotion of Configuration Which Gave Best Results
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Figure 2-Cross Section of Theoretical Burning Surface at Var-
ious Burning Distances for Best Configuration.
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approaches a straight line with a positive slope. The slope of

this line, which is the graph one would obtain if the star shaped

cavity were replaced by a cylindrical hole, is equal to pi.

Other shaped stars that were tried include various shaped

I: four-, five-, and eight-pointed stars and six-pointed star with

other combinations of star point widths and sizes of angle between

the sides of the points. In all of the other cases of four-, five-,

Iand six-pointed stars, the graph of perimeter versus diameter came

I clo-er to the line representing the case of the cylindrical hole.

For the eight-pointed star, the perimeter first decreased to a

minimum and then increased. The graph of a typical case of a

few of these combinations are shown in Figure h.

II
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(a) Eight-Pointed Star
(N) Six-Pointed Star
(M Five-Pointed Star

50 (d) Four-Pointed Star

0o40-

.o-1
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bS30

d

20 I I I
6 8 10 12 14 16

DIA1-TER (inches)

Figure 4-Perimeter Versus Diameter of Cross Section of Various 4
Configurations.
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Mathematical Derivation of Perimeter Equations

The following is the derivation of the equations for the peri-

meter of a burning star cavity assuming the burning rate perpen-

dicular to the burning surface is constant in all directions. The

final equations of the derivation are listed on page 151 of
(i)

"Solid Propellant Rockets". However, there is an error in the

equation for initial perimeter given there.

Let N equal the number of star points. The star is then

completely defined by the radius, R, and the angles A. B, and C.

See Figure.5. The value of C is found by the expression

C="--- /) :
N

and B is determined by the width of the end of the star points.

A is free to vary over a range of values. The initial perimeter,

P0 . is equal to (see Figure 5)

Pc= 2N (a-c). I)

The value of a is given by

a = R (C-B). (2)

From the law of sines we have

X = R
sin B sin

By substituting sin A = sin (17-A), we get

X R

sinB sin A

and solving for X we obtain

R sin B ()X =sin A.()

13
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Figure 5A-Dimensions Used in Calou1ations of Perimeter
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by substituting Eq (2) and Eq (3) in Eq (1) we get

Po 2NR i C-B+ sin Bsi T (4)

Let W equa3 the linear displacement of the burning surface from

its original position. To find the perimeter during burning, two

oases must be considered. One case is the period that the straight

sides of the star points exist and the other is the period after

the straight sides disappear. Let W' be the value of W at the

point where the straight sides of the star points first disappear.

W' = X tan A RsinB tan A =R sin B
sin A Cos

Case 1

O< R sin B, straight sides of star points exist.cos A

From Figure 5 we see that for this case the perimeter is

P = 2N(b + s + y). (5)

The value of b is

b = (R+W) (c-B) = R(C-B) + w(C-B) (6)"

ands = W (7r/2 - A + B). (7)

Since y = X - Z and Z = W cot A

We have by substitution

y = R sin B -W ot A. (8)
sin A

By substituting Eq. 6, 7, and 8 in Eq. 5 and simplifying we obtain

sin BP = 2NR (C-B +sin W) + 2NW (7r/2 + C - A - cot A)

or P = Po + 2NW (7r/2 + C - A - cot A) (9)

16



Case 2

R sin B
> A , after straight sides of star points disappear.Dos A

-!

The perimeter for the second case in Figure 5 is

P = 2N (b' + s') (10)

where the value of b' is

b' = (R+W) (c-B) = R(C-B) + W(C-B). (1I)

From the law of sines we have

R W

sin E sin

therefore

R sin BW

aE = si RsinBW

Since s' =WD and D = B+E

we have s' = W(B + sin-1 R sin B) (12)
w

By substituting Eq. 11 and Eq. 12 in Eq. 10 and simplifying, we

get

P = 2N[R CC-B) + W (C+si (13)W

Equations 4, 9 and 13 are the necessary equations for finding

the perimeter in all cases.

Reference

(1) Huggett, Bartley and Mills, "Solid Propellant Rockets",
Princeton University Press, Princeton, New Jersey, 1960.
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APPENDIX III

CCMFUTER =UIRTOUT OF TEST DATA

This appendix contains the computer printout of the test data

for MIPI flares 300, 32, 343, 39h, 426, h127, h63. 46h, and 556.

For each of the test flares, the printout presents the data

in both numerical and graphical forms. In the numerical printouts

various values are tabulated against instantaneous time during

the burning period. The second column is the average luminous

intensity of the high 29 photocells. The third column is the

integrated candle-seconds from time 7ero. The fourth column is

the running mean luminous intensity in units of candles taken

from time zero. The fifth column is the running mean luminous

intensity taken from time ten seconds. The sixth column is the

standard deviation of the high 29 photocells and the seventh

column is a uniformity factor which is defined as the high 29

average photocell reading minus the low 29 average photocell read-

ing divided by the average photocell reading of all cells where

the average is equal to the high average plus the low average

divided by two. Thus, the uniformity factor can range from zero

to 2.0 and is a measure of the uniformity of the light distributed

in a spherical pattern. For example, when t.e light is perfectly

distributed, the uniformity factor is zero. Thus, the closer

this number is to zero the more uniform is the light distribution.

One graph shows the photocell intensity data plotted as a

function of time. In that graphical presentation the photocells

18
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are not sorted. Each photocell is plotted against time to show

the variation of intensity un that photocell. These plots fre-

quently overlap because the cell may be high at one instant in

time whereas it may be lo. at another instant in time depending

upon smoke conditions and other factors. In contrast to this,

another graphical presentation is presented wherein the photocell

data is sorted and plotted against time. In that presentation,

the uppermost plot, for example, is the plot of the highest read-

ing vs. time regardless of which cell is sensing this value. The

second highest plot is a graph of the second highest reading vs.

time regardless of which cell is sensing that value, etc. In

this presentation, the plots do not overlap.

Another graph is presented which is a plot of intensity

against time of the high 29, the low 29, and the average of all

58 cells. Since more than 56 cells are never used and often

times less than 56 cells are used, the average of the low 29 is

biased in the low direction by the number of cells which are not

in use. The cells not in use are read by the computer as having

an intensity of zero. On the other hand, the high 29 which are

selected by the computer are representative of the intensity of

the unit in the direction which is the most free from smoke and

other light interferences. The plot of the average candlepower

of all of the photocells is also biased in the low direction de-

pending once again upon the number of cells that are not in use.

19



Another graph is presented which shows the integral candle-

seconds against time. The linearity of this plot is a measure
I

of the constancy of light output.

Another presentation is a plot of average luminous intensity

against time starting with instantaneous time zero and time ten

seconds. Graphical presentations are also included to show the

standard deviation of the luminous intensity of the high 29 and

low 29 photocells and to show the uniformity factor versus time.

20



MAPI rLAIZI RUN 300

INSIANTANCOUS TIKEs AMZAGE OF HISH 29 PHOTOCELLS, INIC61ATC0 CAIESLZOWNZ
SECOND$ FROM TINE 2120. RUNMINS MEAN CAIIOLEPOIN FROM TIMlE 21RO,
RUNNI MEAN CAMOLtPONER FROM TINT. 10s STANDARD DEVIATION Or RICH
to PttTOCELL.UMIPORXITT FACTOR

TINE His" to CP-SEC Avg CF Avg CP 310 DEV U

I Std Avg 0aCC 1 SEC c
0. 0. 0. 0. 0. 0. 0.
1.06 0. 3.97 1:84 0. 0. 0.
2.346 7.36 13.37 4.20 0. 3.23 1.23
3.231 10.4 26.5, 1.2 0. 3.35 1.70

4.1 181 4.0 .9 0. 2.to 1.32
3.30 14.20 58.38 3.03 0. 2.51 1.4t
6.46 :4.6! 73.86 9.72 0. t.34 1.33
7.34 14.13 06.14 10.33 a. 2.57 1.33
6.62 14.2? 184.71 10.t0 0. 2.03 1.20
9.69 14.CC 120.49 11.19 0. 1.93 1.22

10.Y7 14.64 136.06 11.49 14.43 2.03 1.16
11.84 14.27 151.43 11.72 14.37 1.60 1.07
12.92 14.29 1681.69 11.92 14.36 1.42 1.10

14.00 14.3 11.3 12.07 14.25 1.58 1.13
15.08 3.47 9 12.14 14.05 1.1 .18a
16.15 13.01 210.3i 12.21 13.91 1.29 1.01

1 7.23 13.351 224.39 12.28 13.34 1.44 :.12
16.31 13.5? 2t39.3 12.3 13.2 1.69 1.13

12.39 13.68 233.97 12.41 13.77 1.83 1.16

20.46 33.04 26.16 12.45 13.F1 1.27 I 11

21.54 t3.3A 282.3 12.t49 13.6 .4 10

'2.1 13.36 236.713 12.53 13.64 1.3:3 1.09
23.6% 13.04 310.55 12.34 13.56 1.72 1.13

24.7r 12.87,S 324.31 133 .2 180 1.06
2e.5 121 33.9 12.35 1.4 1.4 1.02

26.92 12.5 351.19 12.34 13.39 1.38 1.08
28.00 12.08 3"..32 12.53 13.32 1.35 1.03

29.08 12.31 377.13 12.31 13.24 1.71 0.98

30.15 11.94 390.10 12.49 13.17 1.30 1.04

31.23 12.43 403.26 12.48 13.13 1.65 1.04
32.31 11.96 414.2? 12.47 13.08 1.64 1.03

33.39 1r26 426.11 12.45 13.02 1.63 1.13

34.4? 11.69 442.23 12.44 12.99 1.67 1.15
35::4 I2.80 455.65 12.45 12.97 1.5 0.97

36.62 1 13 488 12.44 12.34 173 1.0:

37.70 11.72 451.35 12r.42 12t.59 1. 42 1.0

3S.77 11.81 494.42 12.41 12.86 1.62" 1.12t
39.83 12.04 507.0? 12.39 12.32 1.41 1.0

40.82 1 1.43 518.46 12.37 12.77? 1. 1 1.09:
42.00 11.9s 531.58 12.34 12.72 1.60 1.2
43.03 10.93 543.34 12.31 12.67 1.18 1.21

44.13 10.81 355.00 12.27 22.61 1.10 1.21
45.23 10.78 366.77 12.24 12.36 1.3t 1.03

46.30 11.14 376.63 12.21 12.3 1.45 1.04

47.38 10.93 390.33 12.10 12.47 1.21 1.03
43.45 10.32 601.?* 12.1, 12.42 1.13 1.02

49.32 10.51 623.1t 12.12 12.37 1.07 1.02

30.60 10.5t 424.44 12.03 12.32 1.03 0.96

51.63 10.49 635.73 12.05 12.2? 1.30 1.00
2.5 10.5 84G.33 12.02 12.23 1.18 1.02

53.83 20.28 657.64 11.93 12.1s 1.20 1.04
54.10 10.02 4696.86 11.93 12.13 0.91 0.92

S3.108 10.49 679.79 11.92 12.03 1.31 1.03

570:98 690.24 1.8 12.0 1.16 1.00

59.2 9.7 7 23 11.7 11.9 1.10 1 03

6027 7.3 716.87 1169 11.7 0.931 0

613 .3 723.46 11.39 11.67 0.72 0.81

6242 579 79.2 11.48 11.34 0.59 0.35

63a .72 733.72 11.36 11.40 0.69 0.34
64.37 3.64 737.23 11.23 11.24 0.66 C.90

65.64 2.70 739.91 12.08 1107 0.22 0.74

86.72~ 2.6 7203 20.95 1.0 0.21 0.33

6:779 1.63 743.72 10.60 10.73 0.15 0.67
9083 1.46 744.6? 10.65 10.53 0.38 1.07
66.94 0.68 749.39 10.50 10.37 0.16 1.06

71.01 0.30 743.62 10.34 10.1t 0.07 1.06
*72.09 0.12 745.69 10.19 10.02 0.03 1.02

73.16 0.01 745.70 10.04 9.85 0.01 2.00
74.t4 0.00 ?45.10 9.90 9.699 0.00 2.00
73.32 0.00 745.70 9.76 9.53 0.01 2.00

78.39 0. 743.70 9.83 9.31 0. 0.

774 . 1. 0. 0. 0. 0.
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I" STANIAP4COUS TIME. AVERAGE OF "jIf, 21 PHOTOCELLS, INTEGRATED CANDLEPOIER

9.2 17 0 1.19 10.6! 0.0 z.2o
%.a*)2 A6A 1.64 11.!3 lh 2.24 0.69
L2.'1 1.12 I59sq 22.51 06.0 2.91 0.6?
2!.21 20.4* 21.34 22.1? 0.2 2.46 *.(.
:4.3f 20.14 203.653 611 09.4 3.22 O.'?

15 -20 26.53, 13.91 1t.1 .9 C.2
164 2.4ok 19.6 96.29 ±9.9 2.e3 0.10
f13' 20.22y 20 10.59 s~ 13.42 0.!f
25 19.s4 292.21 10.82 2.7 .( 0.61

.192 15.*& I±.0 1.06 :h.0 102 0l.9
!2).0 2.).46 59..5 7' .21 13., 2.:l 0.7(3
1.66 17.5! 351.21' 32.10 14.2. 2.50 0.66
:...9 16.124 ?.53. 13.3c 19.12 3225 '3.1'
15-10 26.10 3426.3q :3.48 19.16 2.29 .6!5
21.15 :6.25 24930(% 13.4 16).9z 2'.f3 Di. 6
16.4* 20.23 20.41 14.58 2840 2.425 t.10

in.453 19.05-,? * 3' 292-l I.% 1.147 3.!6 . LAI
29.52s 19.2A 46207 1.1F 1 27.8 2.7 0 .I3

Z0 3 11 1D45 35Z.59! 5 11.63 .1 1 .,3 0,.54
2±.A6 14.0 3525.637 ls.Y 17.36 1.50 0.59

3.A- 16.12 '369.Z6 15.19 29.11 159 0.68
34.96 24.14 346.17- 15.14 I7.01 2.79 -3.6f

36.1' 12 35 3..2 Q 5.401 le.3i :1.73 0. 13
27.7 21 -*.'! 2'0 1 13.4G Gs± 614

28431 2.05 AA .1 11.09 2.1 0.

39.36 :.9 4602.7?L %.)I 11.13 .4. .71
3U..62 9i.56 612.5' %524 7 1.1' 1.03 0.4
41.55 14. nc 92.14 1.24 !15.A 1.0 (3.51
42.61 'A.S0 632.17 14.e1 15.69 0.Ge 92.59

44.6 24.74 54.94 1.2 5.14 21.74 n.4
45.91 2.34 86.4.6 24.2* 25.24 %.?5 0.45?

*7..00f 9.3 611.1s 14.17! 16.7 in .11i 0.47
41.5 1.5 6802.9? 14.%4 241 104 1.6L4
42.29 q.30 637.64 13.67 24.4. ~ ? 0.41 41!7

0.1%3 5o.94 691.15 13.50 152 0.4 0.462
45.2 36 .Z3 66.61 13.32 13.97 (3.80 0.54
32.007 .4.30 7413 13.00 14.1? 0.* .s
43.10 2.59 680.19 12.e9 13.11 :03 (3.56
4.9 .:66 F .064 .2.61 13.127 0.19 0.40
so.1± 5.94 107.?4 13.5n 126 0.14f 0.6-8
!6143 4.61 W2.01 12.32 22 55 0.13 0.51
67.94? (.26 70Z.21 !311 2..0 0.03 2.211
!0.50 0.56 706A.29 (1.S8 12.41 0.436 0.56I..-( 611 !.33 106.30 12.37 22.49 0.019 0.00

6171 (10 0A 2 12.1* . on 0.03 1.0

63.33 0.02 106%.34 20.99 11.02 0.03 2.V0
64.47 4.02 700.35 20.60 10.90 0.01 2 01.
(.65.56 02.00 0. a. 0. n.I1I 2 .n

23
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WAPI FCA~tS 40 3H 43

II3IIARTA3ICOUS TlkC. AVERAGE of HI3GH 92 PHOTOCELLS, tNECRAU0O CANOL[8cvtt
12006(08 PRO* T180 2090. RUkNIP,; KOANi CANOLEPOVCR raCm YImC ZER0.RURN "CAN CAPI6LEFOW PROM ?330E 10, STAND2ARD CEVIA?103d or .419N
VS PH0TOCELLS.U41FQNTY, rACOq

11me Otto"4 to (P-SEC AVG CP Avg CP SID CVy
W523 Avg a $cc 1a C0. 0.06 0.06 0.03 0. 0.03 1.63

1.00 0.01 3.61 1.66 0. 0.02 2.00Z.38 6.30 *.at 3.03 0. 0.45 0.$$3.*$6 S.06 1$.*? 3.66 0. 0.11 0.46,;..i3 .11 25.S 4.11 0. l.45 0.643.44 8.90 3S.90 3.50 0. 1.$? 0.616.33 6.43 46.61 6.13 0. 0.89 0.401.61 10.64 32.66 666$ 0. 1.03 0.62
6.10 3102 1.40 7:.0 0. 2.23 0.6A
9..18 12.213 67016 0. 0.00 0.611.6 1.3 100.02 8.37 12.23 1.03 0.3611.63 12.13 115.26 8.63 12.23 1.74 0.1113.04 12.26 126.33 8.43 12.16 0.61 0.6?24.12 It.?? 136.15 9.11 12.07 0.79 0.4?r13.21 11.02 151.63 9.33 331.94 0.8z 0.3016.26 11.23 164.30 6.43 11.91 1.23 0.$:17.30 12.12 177.42 9.61 11.93 0.85 0.3216.4? 12.02. 190.118 q.73 11.61 0.48 0.3619.33 11.4S 20Z.10 9.82 11.86 0.13 0.3320.64 11.61 213.20 5-.11 11.83 0.73 0.41L1.73 13.41 EMS.6 9.1;9 11.82 0.90 0.4022.83 11.93 240.20 10.05 22.13 1.23 0.6123.90 10.19 292.02 20.09 1:.72 0.71 0.4s24.98 -0.9? 21530 10.24 11.5? 1.CC 0.41127.16 10.4- 288.82 30.16 11.51 .1 0.4128.25 10.13 296.39 10.37 11.46 3.42 0.5229.34 10.39 310.27 10.20 1:.43 0.11 0.430.43 11.4 322.260 10.?? 11.40 3.06 0.3231.32 10.9 333.76 30.21 *1.18 0.10 0.!932.61 10.53 343.02 10.Z4 12.3' 1.29 0.!Z33.70 10.12 . 3.4 10.?! 11 0.13 0.33,4.19 10.94 36$.34 10.26 10 1.23 0.5932.8 10.46 .3732.10 10.2f .1.20 1.01 C.s4589 .1 389.-2 11.24 121s 1.2 01.64

480 4 00.67 1.24 31.10 0.70 0.11
39141.! J14 0.2A :1.01 1.3! O.sr

40.2f 10.;: :21.72 10.11 11l.r0 0.8 0.6@0f1.31 8.3 51.62 10.16 0.44 2 6 0.4342 .40 9.94 133.02 :0.17 10.$? 0.83s 0.534,(.8SO 9.81 46s8 10.916 10.84 C.94 0.5748.45 $65 4F4.12 10.1080 1-2 0.346.V5 6.19 484.1 113 1.76 01.91) 0.5:4.1 9.0t 493.#1 10.10 10.71 0.60 0.4649.89 8.18% 503.36 10.0? 10.6$ 0.37 0.4344.9f 8.84 513.01 30.0$ 10.61 1.13 0.333.08 9.10 822.67 10.03 10.37 D.71 0.433112 :.3F :32.30 10.00 10.32 0.94 0.4yx3.r 0 .4d 541.64 1.41 10.47 0.03 0.9r14.30 8.!0 311.00 9.9! 10.43 0.6 0.40539.38 8.00 559.t8 6.92 30.38 0.44 0.43584 I. f8 108.27 9.86? 10.31 0.38 0-19s1.s3 7.-13 376.12 9.84 10.26 0.61% 0.49%'.64 $.0r 383.43 1.611 10.21 0.43 C 439.1t 6.01 594.01 9.17 10.16 0.02 0.*e$0.60 F.(k4 60? 33 9.73 10.31 0.44 D.4091.6$ 1.c1 610.61 9.70 10.06 0.6s 0.374p.96 8.13 619.26 2.67 30.01 $.1t 0.4?64.04 1.34 626.83 4.63 9.93 1.01. 0.4663.12 6.66 634.3S 9.38 8.90 0.12 0.4666.21 7.60 642.2? 9.34 91.85 2.83 0.45%7.*9 6.63 449.24 9.30 9.1e 0.179 0.3?98.37 6.24 616.50 9.43 9.72 0.44 0.42169.4s 6.83 662.10 9.40 9.63 0.60 0.a70.33 3.02, 667.84 9.13 9.37 0.41 0.M?1.62 4.40 672.2!9 9.25 9.4y 0-13 0.8072.70 3.73 673.80 9.16 9.36 0.38 0.6013.78 2.12 676.40 9.06 9.24 0.28 O.G6,14.9? 2.08 680.38 8.96 9.12 0.15 0.50?$.Is 3.38 683.78i 8.89 8.41 0.33 0.6413.03 1.00 682.83 6,74 8.86 0.21 0.6778.32 0.603 603.43 M.63 8.73 0.17 G.8'79.20 0.?9 664.02 8.!2 8t.60 0.21, 0.A0e0.29 0.34 684.29 8.1 8.46 0.0t, n1.9081.3? 0.15 884.42 8.30 6.13 0.06 1.3262.45 0.10 684.30 8.19 8l.23 0.04 1.59e3.53 0.05 884.94 8.09 8.13 0.03 1.99
84.6 .0 68.4 199 r199 0.02o 2.00c"3.73 0.00 684.:3 7.89 Y.87 0.CD0 2.00.6.19 0.( 684.33 T. F9 ?.7c 0. 0.Mar6 01.00 684.95 1.70 1.86 0.01 2.0088.93 0.00 684.33 1.60 ?.53 0.00 ?.CD90.13 0.04 60.6 Y5 .4 ~ i r09.3 0.00 66.5 7.1 0.4 0.1o.1

*2



MAP! FLARES RUN 343 tIAPI FLARES RUN 343
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"A081 fL&RtS RU's9

INSTANTyANEOUS TIME6. AVERAGE or Nj?6P Z9 '"OTOCtLLS, INTEGRATED CANDLEPOVJEISECOND$ rROle TIME ZERO* RUrNN6W K.AN CAN0LDPOU~t rROM TIME Ztqo,leuwwae MEAN2 cAIWoteF0Jn PROM 721. to. STANDARD DCVIATIO4 Or NIGHe2S POTOCCLLS.uwtronpit rAccitR

711.6 SIGN2 29 Cf-SEC AVG CP AVG CP STD D(V utsC AVG, 0 SEC 10 SEC0. 0.00 3.63 3.5i 0. 0.0: 2.001.00, r.03 14.24 6.53 0. 1.23 0.14Z.18 12.06 30.22 9.27' 0. 1.66 0.933.eG 17.58 410.8Z !1.47 0. 2.49 0.874.34 16.54 7o.Zs 1Z0 o. 2.62 0.365.45 16.49 91.Is 33.90 0. 2.92 0.608.S 16 9.10 112.84 15.30 0. 279 Qs1.69 19.76 134.49 253 2 .86 0.5?P.9 19.11 1!5.73 1S.74 0. 2.55 0.5s9.s9 19.25 178.71 16.06 0. 2.13 0.3711.00 18q.70 ±97.?2 15.3z 18.94 2.75 0.5412.11 12.!9 218.20 16.31 .18.1" 2.16 0.!613!22 17.87 238.69 18.65 10.61 2.66 0.3614.3.3 1 i. 83 259.17 16.7$ 10.51, 2.98 0.8015.45 17.95 279.42 15.8? 18.46 2.79 0.5916.5? :8.25 299.36 16.94 18.!9 3.4$ 0.6211.67 17.?? 318.63 $6.96 18.23 3.19 0.3818.79 %C8 337.62 18.9? 18.10 2.96 0.3919.90 17.41 33(.6s 18.9? Ir.98 2.96 0.Sf21.01 10.64 373.54 18.97 7? 3.04 0.5322.15 17.24 '94.40 16.9? 17.19 3.38 0.5123.24 16.66 412.20 16.93 17.64 3.40 0.$624.5 15.29 '29.05 16.8 4 17.44 2.07 0.35!25.47 14.81 443.33 86.r6 17.23 2.49 0.5226.59 14.74 431~7 16pq I.67 17.06 2.75 0.S3Z7.11 14.26 477.31 16.56 16.86 2.85 0.5420.1. 13.40 492.17 16.43 16.65 2 52, 0.5329.95F 13.06 506.42 16.30 16.43 Z.16 11.36

38.06 12.37 569.79 14.75 14.1a 1.37 0.5639.99 0.43 360 15.5 13.93 1.12 0.6141.11 40.98 601.15 14.4 135.60 0.97 0.3514-.92 . 6054.12 31.9 13.31 204 0.34
155 .5 6.1 35.89 15.12.91 0.341.344.43 2.F2 5716 J.29 1340 .3 0.22 0.3:46.64 1.06 812.78 14.93 11.87 0.54 0.61

51.06 7.1Z 63.79 34.75 10.25 0.03 1.$3
32.27 0.41 S93.09 14.52 10.3 0.02 2.00

5.33 0.09 611.82 12.28 10.07 0.10 2.00

56.80 0.0 613,6 10.63 91.36 0.02 2.00

57.7 0.01 2.61 %1.$ 10.3 0.02 r.00

532f10 fis 12 00 .0 r04.0 00 134 1o ~ d .s IIIl.o oo 1.6 208 .8 0(? Z0
566 .1 636 0.3 93 .2 20
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NAP r.11 R t
ININACY IE ~R~ rbG 9POOEL.ITGAE ADEOE

ISNI&S OM .tir CRAG8 PUNNING M 29AN t.?(CtEg. INTEFROM O TIME LEPQWE

* LtN-l'I. MECAN CANOLCrC.PER FROM 11-C 10. STAN2ARO DMVATICN Or 'rIG4
29 PK0TM4LLt.U"NcORbNIT rAc~i

*Ir NIG" Z9 Cp75!C AVG CP AVG CF STD CCv u

(SEC) A'.G 0 SEC 1a SC

0. 0.030 3.18 3.63 3. 0.00 2.00
1.S4 Y.22 17.31 Ok.!0 0. 5.95 I*98
Z.09 1 i.179 38.11 12.37 0. 2.8A2 (1.53
3.13 22.25 64.04 134 0. 't.So 0.57
4.17 26.16 %Z.e2 17.74 0. 5.513 G.53

).?2 28.55 122.20 19.52 0. 6.31 0.19
8.28 28.23 15l.94 20.79 0. 6.12 1.63

0.35 IG.I7 2:3.7S 22.16 0. 5.88 0 53

1 31 91 6.9 2.2 39.3:5 .23 0.498ns

.1:43 29.37 275.4A 25.62 3.7 409 .8
15.4115 5 30.46 .5 24.5? 30.18 8.84 4.45

16.38 30.9? 461.53 Z5.0 30.31 !.93 0-4?

17.621 29.8 ?3 37.59 28.37 30.0 4 3 0.46
1864 2862 2.3 28. T 9. 25 6 30.Ol 3.19 0.43

19.61 30.10 55I.P6 .6 29.9A 2.17 1.41

20.10 20.49 5;30.78 26.74 29.1s 3.41 0.41

21.12 27.96 605.95 26.16 29.57 !.54 0.4A

22.18 2C-.54 636.51 2b~.'6 119.35 3.03 11.14
Z5.1-9 26.5 sc 64.66 26.1f 29.19 3. --4 0.35
24.8? 21.50 693.53 28.78t 2?.0J 3.31 0:.

25.86 26.39 119.56 26.16 28.06 2.4tl Lp..6
26.89 2!.91 746.17 26.7Z 23.6A 2.90 C.40
27.92 Z5.79 772.20 26.68 Z0.51 3.56 S.36

28.94 25.22 797.34 26.64&1 2d. 35 Z.49 0 .3

29.91 23.35 8321.14 26.50 e. .3j5 :.44 9.33

0.9 2Z.72 844.08 76: 17 .70 0.34
3.1 21.89 8165.37 216.19 27.45 1.7 0.3A

33.05 19.35 883.40 25.)2 27.07^ 1.36 a3- 30
34.08 1 5.61 897.20 15 5 26.45 1.b7 0.37

35.1 1 10.97 )05.7! 50 25.13 1.46 0.

36 .14 5.01 910. 31 2A4.50 24.92 0.3,5 0 .4

37.16 3.04 91.7 23.91 ?4.0@ 0.32 C..Af
3e.18 1.14 914.90 3Z3 ~ 3. 21 0.15 0.d4
39.19 0.88 914.67 22.7! 22.51 r.09 0.51

40.21 0.28. 914.86 2C.19 21.11 U.34 0.73

41.23 0.10 0. 0. 0. 0.04 1.27

29
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AJ

MAP! FLAES RUN 421

INSTAkTAN[O0 TI5 , AVERAG Or HIG 28 PHOTOCELLS. INTEGRAIE CANDLEFOlfflR

S[CW$ FROM TIE ZERO, RUNNING IAN CAHoLEPCR FRCON TIME ZERO.
RLMMING MEAN CANDLEPOS"CR r"4 TINIE 10, STANOARD OEVIATION Or HIGH

9 r 4OTOECLLS.UMrOtiil!v FACTOR

INC NIGH 9 CP-SfC AVG CP AV& CP SID CEv U
ISECI AVG C SEC 10 SE-
0. U.00 0.02 .02 D. 0.01 2.00

1.01 0.03 4.13 2.22 0. 0.03 2.00

t.23 8.85 $6.90 5.20 0. 4.41 2.00

5.20 14.05 3.04 1.15 0. 1.9e 0.52

4.20 16.,4 51.61 0.69 0. 2.1 0.45

5.33 18.69 12.14 11.3? e. 3.20 0.56

6.40 20.73 94.es 12.12 0. 4.17 0.57

7.46 P1.10 1i6.-5 13.r3 0. 4.93 0.60

8.51 20.51 1%9.55 14.59 0. 4.46 061
9.57 22.53 162.61 25.32 0. 3.81 0.59
10.63 21.31 185.97 15.92 21.92 4.24 0.!6
11.68 cr.48 209.:3 16.41 21.91 4.83 0.60

12.14 21.32 231.91 16.02 21.13 3.40 0.51

13.80 21.79 ?34.56 17.1z 21.69 2.?1 0.53

14.86 c0.98 276.95 1Y.40 21.56 2.46 0.52
15.92 21.19 299.30 11.63 21.50 2.8 0.4)

16.91 21.19 323.60 t?.85 21.47 2.!s C.40

:8.02 21.37 344.08 1.05 21.41 2.41 0.4(

19.06 21.19 366.35 18.22 21.47 3.10 0.52
20.11 T0.90 3f8.48 20.57 21.44 2.45 3.4?

21.15 21.45 410.96 18.52 21.44 2.46 0.45
22.20 21.37 432.98 18.62 21.40 2.3. 0.45

23.25 20.5 454.10 18.S 21.30 2.28 0.43
24.30 19.60 474.9F 18.73 2:.26 2.63 0.43
25.35 ?0.22 496.03 :8.74 21.12 2.02 0.43

26.40 19.98 516.60 18.82 21.03 2.11 0.44

27.45 19.28 531.15 16.05 20.94 1.59 0.40

26.50 19.67 557.23 18.85 20.84 1.80 0.36

29.55 18.55 5r7. 13.86 20.75 2.03 0.43

30.60 19.61 a97.7 $8.5f 20.88 2.30 ;.44

31.66 19.40 618.28 18.90 20.8! 2.13 0.38
32.rl 19.38 6j8.60 11.91 23.56 2.14 0.45

33.76 19.35 658.24 18.91 20.48 3.30 0.41

34.82 17.89 o11.0 16.84 20.3? 1.92 0.42
35.87 17.96 691.01 18.A5 20.28 2.17 0.43

36.92 11.96 7:5.17 16.93 20.20 2.29 0.42

31.98 18.40 735.91 18.81 20.11 2.39 t.4.

39.03 17.39 r5*.r4 18.16 20.00 1.7P 0.39

40.00 16.36 169.31 16.70 19.6A 1.24 0.31

41.23 16.95 106.71 18.65 19.7? 2.? 0.43

42.19 16.11 803.40 18.56 19.64 2.123 0.40

43.24 15.49 819.32 18.50 19.50 1.64 0.41

44 30 14.66 034.74 18.40 19.35 1.49 0.37

4. 1 14.54 149.5? 10.31 19.19 1.15 0.41

46 " 13.65 863.44 15.19 19.02 1.89 0.41

47.46 12.6? 611.38 :8.04 16.80 2.35 0.48

46.52 9.93 84.83 17.a1 18.54 1.73 0.50
49.50 7.97 802.23 17.62 16.23 0.83 0.50

50.63 6.114 89F.82 17.37 17.90 0.77 0.54

51.89 4.51 901.75 17.09 17.54 0.66 0.53

53.75 2.93 904.37 16.81 17.17 0.34 0.44

53.81 2.03 905.90 16.51 16.80 0.24 0.53
i4.86 1.00 906.14 16.21 16.42 0.15 0.59
55.93 0.43 901.05 15.92 16.05 0.09 0.59
56.99 0.15 90?.15 15.63 15.70 0.05 1.09

58.04 0.04 901.18 15.35 15.36 0.03 2.00
59.10 0.00 907.22 15.09 15.04 0.00 2.00

60.14 0.08 90?.30 14.03 14.73 0.03 1.97

61.19 0.01 907.37 14.58 14.43 0.03 1.91

62 .23 0.07 907.44 14.34 14.14 0.03 2.-3

63.:29 0.05 a. 0. 0. 0.03 2.0U

31

a



MKP! FLARES RUN 427 MAPI FLARES RUN 427

- -T
ML

-- 4.
-I-4 - - . . . ,

o I~- . ,

WE FLA" TOTAL OATA VIILA? Wt.S TICF C HIS4 21. LOW 2. TOTAL. AIERAE VS TIPC

MAP! FLARES RUN 427 MAPN FLARES RUN 427

-*- - --*-. -i-t

T j

ft* M OA..-2 ... A ... . TI ,, -1

':i:



4@3C.ACES 4?J'1 443

I'S4'S'~('q4:ir. AVEACE Ar A 2imZ F'O?f0CLLS. ITEGRA'TC CA0ti
eq-14 *3a CIuC r?(ZO. rs'ttINg %&10,AMLEPQ.$R rqoJq rpE ZERO,S~4~1g;Ii5q Fi. 11M1~ 10 !3Aq2:AR' CEYIATIOy Ce .$1t1FS > OCLL3.wsjF',QMjTy JrAC: R

*ri',c 
116.s Z9 CFsr AV4 1, J4 CP s'o Oy uItEC A146 9 SEC : SEC

;k .0 S a . 35 0 DO 0 -. caI.1 I1.2 O 3 2.M0 9.41 *~l 2.08 .6)'. 1158 43.69 'PA QGC -?.:! .104.;4 2..30 64.24 15 .28 .00 ?.F' .655.1.1 22.90 S.33 6. .0k co 5.20 -49.54 ?.21 !Z1.13 s?.ec .00 1.52 .717.0 ?2.97 14'.1% 14.fs G3 3.62 .61O.R 29.:S 174.25 19.57 .1" J.Z73.97 Z4.70 Sr5.Z4 *9.s? .7d, 3.85l1.AI7 2*.16 24.ir~ 11.31 . ni 4.7 .1537 24.S1 :15%.2 I'l zl76 24.69 4.n55 .7521.2?7 r24 ,a 203.13, 1.1.4 25.05 %S7 ?a I14.17 25.?7 311.54 2S.314 A.;,6 .1!.4& ZS.99 3*15*9t 159 2.620.57 2.14 37.3 2.1 25 8± .,

~ 2.5 '2. Z ..12 Z. t1 4.-,

14 1!28.891 -45 2f.1 4.1419.0p 27.53 462.tk 2*' 27.60 Lc .??.". 28.37 6Z.)2.4 ?JS~4ZZt Z.13 SZ3.ti 2.69 2t 7. 4A1 1?.Z76 291 556.924 Z4.8i :6.91 !.SS .81Z947 $ 9.2 789 Z4 -1.)A P. 4.1c 15
2p4 I. 6e.. 6 72'.15 Z7. 4.7 A

28.377 e01.cg1 Z4.,04 23.4.. -.3 :- r*i.5 
28.21! f-,3.8. 24.2G? 2..4o 4.97 .4
24~. ?.:9 P:76.76 ?481 ?T.1 4.:: fir

43.g3 219.09 1149.07 
461 42 .55 .7q3

P9.61 149. 3 211:51 27.13 2.A 74

31.7: 7 8 1.00 24.251 2.4 .4?30.Z2 3-3 42.7 2211 231.74 4.z4 5 .40
;6:46 1O.C 4249.39 23.30 24k.sl 4. Y .6?43A.6 2 .76 " A229 5l.*4 Z5.4Q 4.129 60%.7 2.24 1061.e?4 20 2-t.1 4 .0 -6

41.1. Z.09 12.30 21 22.550 3.0* 1.744.26 Z.71 l1s1.3 26.o, 21.15 ..5Z 1.
A.5 3.82 Ie.90 5.51 Z.33 .43 2.7e

4 7 5 9 f 3 9 1 . 3 7 . 4 e . 0. . r ?

O -A . 0 2,1 46 ?, ? 2 . 1 2 33 3 Z

L. T * .s l c ..6 2 .2 5 1 )
1 9 8 . 4 1 1 . 2 2 . 1 4 7 5 8 .



- tMPI FLARES RUN4 463 MlAN FLARES RUN 463

1: r i

WlD rIMS TOTAL C;IA ClIPAY 'E*R tip% 21KtIX 11P
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'44,2 FLARCS 4UA 484

tWSUT~uAOCCU TIME. AVERAGE Or M1614 29 PHOTOCELLS. INT[RAIED CANDLEPOWIRSecoDSs FROft TIME ZtlO. MUReNN NEAM CAPIILCPO4AR rRO4 TIME~ ZrXo,*1~lMg 31CAXCANDLEP04WES F" 74- iIa~1. STAUARD D0VIyA1o.i Or HIG

T14C HIGH 29 CP-SEC AV; CF AV4 CF SID D~v u
.24 .03 .02 .02 .oa .03 .61.24 .00 .02 .01 .00 .01 Z02.31 .00 .02 .01 .00 .00 -0

3:1 .01 2.96 .71 .00 .01 20
43 1 10.00 1.92 .00 1.39

11.41 9.0 1.9 19 .0 3218 8.2 93.05 6.06 9.10 . .5213.93 6.?2 935.5 6.29 9.30 1.52 .60
949 10.25 104.91 6.33 -.5C 1.20 .1810.74 1B.0.2 115.5 5.8 9.64 1.38 .21.32 901 126.61 70 9.9f 2.406 .5714.80 806 3.5 .23 9.12 1.43 .519.26 9.93 1.57 7.39 9.34 1.71 .6220.S9 10.65 160.31 G.Sl ?.58 1.5.2 .6221.40 11.53 175.5 '.86 9.62 2.059 622.1? 11.66 125.26 7.03 19.27 1.60 .57
125 19.15 198.39 0.14 19.43 2.1 .37
240 31.33 11?.59 8.32 10.56 2.QZ' .632.4y 12.12 246864 1052 . n.60 2.69 .6

z6.72 12.62 236.47 8.66 10.3 1.99 .60Z?.?9 13.32 252.60 6.03 10.97 2.15 .64U1.05 13.30 266.84 8.09 11.11 2.Z2 .65Z9.91 13.56 261.652 9.15 11.26 I.es f30.O? 14.29 296.81 9.!4 11.41 ?.1? .5732.03 14.43 311.82 9.49 11.55 Z.27 .613z as 14..1 :Z - ;. ..cl
34.13 15.09 343.25 9.92 21.84 2.84 .70
35.18 15.55 359.58f 9.9? 11.99 P.83 .6936.23 15.49 375.s6 10.15 ?-.3 P.99 .6037.29 15.38 39Z.41 10.30 :12.16 2.S9 .693*.34 16.03 409.23 103.45 :2.43 3.50i IL,39.39 15.9? 426.24 10.60 12.54 3.3A .694a.44 16.44 443.35 11).'5 12.67 2.90 T

114 6.34 460.41 108 2.79 29 642.53 1629 '77.36 11.02 12.90 3.00 .6543.57 16.:20 494.06 31.11 12.99 2.92 .6644.61 15.69 $10.41 11.24 13.07 2.54 .544.06 35.4A 526.94 11.14 23.15 2.!3 .51
4:.71 15.99 543.69 11.44 13.23 2.98 .64$,:?1 15.99 560.30 11.54 13.31 2.64 .6548.8057.! 1!.62 1.7 2.33 .5549.S4 2522 53.14 11.71 13.43 2.41 .52
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'.483 rI4125S ALM 464

1(SA~NCOUS TIME, AVERAGE or P1G~s !I P40MOCELLS. INTMGATEO CANDLEPOW4r
2KCOUOS rRECK TIWE ZRtO. RUh11w6 NEAM CANDLEPOW'ER rio' TIMEc ZERO,EtV1IM4 W(AN CAW0LPER FEC' TIMEc t0. STAMOAAD DEVIATION Or migI"
ZI 040TOCCLLS.LKJ'.R0M1TI, raCbot

Time -16,, 29 CF-SEC AVG, (P AVG CF STO DCV I93CCI AVC 0 SEC to SEC
5314 17.03 125.90 11.92 13.,! 2.50 .61
54.96 176 46.4 12.01 13.68 3.1? 6

S40 1s.5 66.5 109 13.741 1.87 .4"
55.02 14.81 461.02 12.18 13.81 !.08 .5655.25 16.38 69S.35 12.26 13.87 1.52 .54
57.21 14.2y 713.31 12.33 13.92 2.05 .34YS.Z7 15.81 ?31.98 12.39 13.96 1.92 .5299.3Z 15.85 748.88 12.45 14.00 2.29 .56
60.37 16.3! 766.35 12.53 14.06 2.40 .5341.4? 17.09 753.97 12.60 1.2 27 3

6.6 16.73 801.34 12.67 14.17 2.75 .55
@3.50 16.71 818.5" 32.73 14.21 2.37 .3504.34 16.52 835.92 12.79 14.26 2.38 .54
65.55 19.76 855.49 12.66 14.31 2.50 .3
6647 6J 7. 29 14.35 2.65 .58

678 6.03 557.95 12.97 :4.39 2.58 .53
4872 :.07 905.62 13.03 14.43 3.12 .559.:76 18.91 973.00 13.044 14.47 28 5a708a 18.56 956.as 23.1A 14.53 Z:~ 372.8? 14.16 915.94 13.22 14.56 2.65 .55

73.9? 16.36- 99n.93 1.2c. 145 .5 5
7.C 13.24 1007.95 1.0 14.C62 2.6' 7

76.0-, 135 049 3.35 1.4.65 3.03 .55
1.4 1.9 1041.77 13.33 14.67 Z.50 .56753 13.94 105a.27 13.42 14.69 2.45 .5479.12 19.19 107.4.39 13.44 14.70 2.2-1 .5050.15 15.0 199.Z9 134 14.71 2.33 .5281.19 15.66 1106.25 !3.49 14.7Z 2.89 .5

on .2 !'0C 121.7,3 13.1l 14.'3 1.± .49
83.26 14.91 1157.33 13.53 14.73 2.26 .5

!429 1520 1152.63 13.55 14.13 2.43 .56
.4.41, 11_".46 135 4.72- 2.111 .55- C6.31 14.41 18.2 356 14.72 1.69 .54

57.37 13.8 11935.66 13.56 IA.7 1.56 .49
8.9 1.9 1208.62 13.55 14.67 2.04 .49

394 2.C? 1220.71 13.53 14.64 1.79 .490.4f 11.35 1?31.52 13.5', 14.59 1.26 .5091.49 10.19 1241.71 13.45 !4.52 1-35 .49
9r.53 S.,96 125o.120 13.3t9 14.44 1.11 .093.57 7.30 316.tt9 13.32 14.Z4 .71 .42
94.6 5.4 1262.14 13.23 14.23 Ao0 .43
99.3 4.39 1266.07 13.13 1A-i1 .63 .446.5 3.35 1269.01 13.0± 3.9 .34 .40

7.6 2.45 1271.21 12.91 23.84 .21 .36
90.60 19 1272.74 32.50 13.70 .15 .36
99.70 1.30 1273.94 12.68 t3.!6 .2 .32100.71 1.03 1274.84 12.S6 13.42 .09 .3

101.73 .73 1275.47 1?.44 13.26 .08 .33
10t.74 .$3 1275.95 12.33 13.14 .04 .40103.75 .4,- 1276.30 12.21 13.00 .03 .35
104.75 .27 1270.52 12.10 12.87 .03 .41

10.8 .16 1276.62 11.98 12.73 .03 .56
10.' .04 1274.65 i1.87 12.80 .02 1.95
10.0 .03 1276.648 11.16 22.47 .02 1.84

100.03 .02 1276.70 11.65 12.34 .01 Z.00
109.86 .01 1276.73 11.54 12.21 .02 1.75
110.89 .03 1276.75 11.43 12.09 .02 2.00111.91 .00 1278.76 11.33 11.96 .01 2.00
112.94 .01 1276.76 11.23 11.65 .01 2.00
113.9P .00 1276.75 11.12 11.73 .00 -.00l

11.0 .00 .00 .00 .00 .00 -.00
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tT*1A%VJ-..-J ?'-, AVERAGEC .r HIGMi Z9 '4.)TCCELLS. INtTtEfATEC CAW-LEFGF-r,
SC04DS3 rW-.-2M T-IIZ ZV 3. R001,.C K.AM csrc :(jc VF.' 1~ZtE.

tf 3 K '414. P31 c9-3cc A. CP AV& cp SID T"E v

152"~ A)%, r, SC 10 5CC
i' .5 13 Z e .0% 2.00o

M.2 AleJ -0 .j .Q C-0 .00y. -. 00 -
.053 W 1-6 .49 .SO oj.3 !.q93

4.57 2.79? '.ZZ 2.5.4 .09 :.25 14
!.5: 6.-13 :4.75 2.519 MoA 2.!7 .74
6.t S. 19 23.77* 3.19 .O0 1.2

6a .:c ~ 2 .5 .0 21 6

fl..li34 S . 16 40.2* 3.44 .IG!0
31.2' 4.71 46.72 4..Z Gj. 1.26 1.14

15.43 -5 .48 59.03 4.34 5.4'e .I

:4,55 4.N~ 6S.22 1.43 5 .4 5 1.56 I.Cf
15 .71 TV Of 72.1? 4.14 5.r! 1.113 1.; *
16.6i 6. ~ 771 4.55 S1.4u 2.53 .
.. 6 3.07 !1!.~' N* 59 5-17 2 .3 1.0

lq:j 7 .3 5C 91.75 5- 3.6f lA

z-:!C.6 5. !.1 5.1' .5

25.65 '.54 1.40.52 5.23 0lz . 1. 65
.1 . .'I 1.1f

29.34 'K.50 162.97 !.!P 5.2') 1.9 !.43
30.SO 1.47 163.5t, 5.53 6.!F 2.90 !.-c
31 .! f.07 :

7
6.5c. .' o3. .

3Z..7 6.23 IM4.;4 5.5)1 6.16 :.3". A.S

37.3.1 .5t 7e7 . GC. 2.97 Cd.7
pt. 4? cl. 7z 29 5.3r 6.72 -. !)2 1.9

31.61 7.33 5'' .3' )4 7 ?.:5 2.C08
40.74 6.1V4 Z44.OZ 5.9 Z.0 '~ .A3

43.1-0 21.45 266.42 6.217 6. '. 1.93 .C.
A4.13 9.34 ;?.'? 9 15. 2! C..6 7.57 .
A5.26 9.. _70c,.c z 6.31 7.~ .23 1.0
46.18 4.57 21.35. ! t 6.11! 7.06 7.25 1.2

i13 7.74 Cj 4s . . 7.()6 2.11) 1 29
s'.7 60' 311.3s 6.' k7 , z.2 1.A32
49'!. .0 320.07. 7.1:?,7 2.25 1 .19
21.- .. 19 52.1 6.44 7.!') P..1 s.27

32.8 .1 .'C.5 .4' 7.13. ,.z9 .2
53.22 1.26 347.4! 6.52 7225 2.28 2.2?
54.36 -. 6t M6.11 6.53 7.16, Z-.;!$ 1.Z2

,5i) 7.65 365.82 C.57 7.20 2.51 1.Z9
56.63 9.A3 '7?5.27 6.61 7.23 2.55 2.19
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'waft FLU7s 4u4 SM'

[I.17As.:A&LCoj5 'NZE. AVEYR6C %Y -41; 244 A1T.7ELLS. INTERATED CANDLE61Crc
SC-O- rWW" Tl'C ZERO. RIWSm'l.%r KCA' CA'6CLEi4U-r Fqo '111E ZIRO.

*iC '"2-) C- SOL vf C! M.6 CF S10 :T, h
~SEC 13 $[1. :t. SEC

!6.15 1 .43 375.27 6.f! .- 3 I.5 .1
WI~ '2 5.69 6.60 7.21 7.35 :.07

6.a 5-03 39J.43 6.6! 7 .lf Z.2' 1.17
4G004 7.791 4co.5r, r. 65 .. 4: 2.15 1.35

811' 9.r! 4!11.61 6.71 F: la 2.30 .61
02.333 9. Oc) 22.4? i. 76 7.3 U .37 .93
63.4? 9.d6 4-5 .37 6.A1 7.39 2.?'
64.6. 1 ~. 6,47 c. far 7,4J 2.23 .91

65.76 1.55 45A.7.) 6.9 ?,) .47 2. v. -

70. 3z 3.42 4 rc..3& f.i~2 ?.' NJ .75 1.4x;
71.47 0.10 4&.14 C.62 7.3? 2.2t% -27
7?.81 C. 74 445.63 6.., .3 .s I. ; ?

?3. 79 5 tv 507 .6", 6.K; -e 1.75 1.15
74.66 6.33 SC-12.21 6. 74 7.n :.S7 21.!2II
Ff .03 5.34 515.44 c,.76 7.3 1.1 .31

. z 5.97 5ze.62 .;73 7.17 24 .~
;4..:7 3.60 535.5: F.,2 7.16 1.4', -12

5: .75 C6.Ad 551-. ", 4. 77 7.!4 ;W.0 1.50
0",.9c. 6.5? 59.1"p 6.73 7.14 -. z' 1.~
74.t5 T."6 567 .6 6.74 1.15 2. 12
A5 20 '. 175.60 L%. 74 72. :

f6. 6. SL 50.7.- 6.-4 El1 .l 2.29
4S~9 .47 53.;5.5 6 1: . lu :.5 1.113

det.63 4.441 593.62i r69 .% :.s .2

eL9.76 195 593.25 E.65 :.2 :3 .41

OZ~a .92 6t2. 3 6 .61 (A?47 I
6qi. 3.3 6.995 C. .) 6.3 .67 1.16

9.1.2,j 3:t 5 5O?.97 6.5 ? .. i;5 . f2 .92

953 .06 613.J1 (.4 (.61! Lk .

57 9 .53 6*4.41 6..21 6.5s Ge6 .55
9.91 .. 17 614.71 6. 24 6.47 906 44

1.15 814.15 5.13 Fl.3 .9 055
101.23 GA. 614. 1 c.i6 6. 11 .5 1.56
1s'2,.36 . --2 814.95 6.rUt 6 .23 .')2 3.00
103.!,2 .5 .0 0 6 .7 17
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APPENDIX V

DIAMETER STUDY

Sumvuy Sheets for Cast Candles
from 4.25 inch diameter thru 24 inch diameter
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APFENIX VI

DIAM MR S2DY GRAPHS

Figure 17: Luminous efficiency vs candle diameter. Shows behavior
for end burning solid cylindrical pressed candles with paper candle
case all burned in vertical position on MAPI site with flame pointed
downward.

Figure 18: Ltninousefficiency vs candle diameter. Shows behavior
for end burning solid cylindrical cast candles with paper candle
case all burned in vertical position on MAPI site with flame pointeddowTuard.

Figure 19: Lumdnous efficiency vs candle diameter. Shows degradation
of efficiency for silicone cast c~indles as diameter increases.
Numbers on data points are the candle MAPI test numbers.

Figure 20: Luminous efficiency vs candle diameter. Shows degradation
of efficiency for polysulfide cast candles as diameter increases.
Numbers on data points are the candle MAPI test numbers.

Figure 21: uminous efficiency vs candle diameter. Shows degradation
of efficiency for polyester cast candles as diameter increases.
Numbers on data points are the candle MAPI test numbers.

Figure 224 Luminous efficiency vs candle diameter. Shows degradation
of efficiency for epoxy cast candles as diameter increases. Numbers
on data points are the candle MAPI test numbers

67

ta



LiL

I0n-

1".

o "I

S3 .5-4

94- 0 0

'00 040

000.9 (

0 0 0 >00

r-f~w- .~-I.0:

00

0 C

0 r-4

0 0

:4 'd 4-

68



35 " . II "I a

A-Silicone cast
30 B-Polysulfide cast
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Figure 18: Luminous efficiency vs candle diameter. Shows
behavior for end burning sulid oylindrical cast candles with
paper candle case all burned in vertical position on MAPI
site with flame pointed downward.
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Figure 19: Luminous efficiency vs candle diameter. Shows
degradation of efficiency for silicone cast candles as dia-
meter increases. Numbers on data points are the candle MAPI
test numbers.
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Figure 20: Luminous efficiency vs candle diameter. Shows
degradation of efficiency for polysulfide cast candles as
diameter increases. Numbers on data points are the candle
MAPI test numbers.
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Figu.re 21: Luminous efficiency vs candle diameter. Shows

* degradation of efficiency for polyester east candles as

diameter increases. Numbers on data points are the candle

MAPI test numbers.
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APPENDX VII

EFFECTIVE BRIGHTNESS CURVES
(for pressed candles)

Figure 23: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity ft candles pressed with 5%
polyester binder and 55% magresium. Q groip tested in January 67;
L group in March 67. Numbers on data points ate the candle MAPI
test numbers.

Figure 24: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with 5%
polyester binder and 62% magnesium. P group tested, in January;
M group in March 67. Numbers on -data points are the candle MAPI
test numbers.

Figure 25: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with 5% polyester
binder and 70% magnesium. R group tested in January 67; N group in
March 67. Numbers on data points are the candle MAPI test numbers.

Figure 26: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with silicone
binders. Numbers on data points are the candle MAPI test numbers.

Figure 27: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles pressed with epoxy
binder. Numbers on data points are the candle MAPI test numbers.

Figure 28: Effective Brightness Curves. Projected surface area of
the flame vs luminous intensity for hybrid candles pressed with
medium pressure with epoxy binder. Numbers on data points are the
candle MAPI test numbers.

74



40

~30

540

~20

~549

20

07 53834

LUMAINOUS INTENSITY (XlO6od)
Figure 23: Effective Brightness Curves. Projected surface
area of the flame vs luminous intensity for candles pressed
with 5% polyester binder and 55% magnesium. Q group tested
in January 67; L, group in M~arch 67. Numbers on data points
are the candle MAPI test numbers.
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Figure 24: Effective Brightness Curves. Projected surface
area of the flame vs luminous intensity for candles pressed
with 5%o polyester binder and 62% magnesium. P group tested
in January; M group in March 67. Numbers on data points are
the candle MA I test numbers.
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Figure 25: Effective Brightness Curves. Projected surface area of the
flame vs luminous intensity .for candles pressed with 5f. polyester bin-
der and 70% magnesium. Rl group tested in January 67; N group in March
67. Numbers on data points are the candle IAAPI test numbers.
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Figure 26: Effective Brightness Curves. Projected
surface area of the flame vs luminous intensity for

candles pressed with silicone binders. Numbers on

data points are the candle MAPI test numbers.
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Figure 27: Effective Brightness Curves. Projected surface
area of the flame vs luminous intensity for candles pressed
with epoxy binder. Numbers on data points are the candle
MAPI test numbers.
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Figure 28: Effective Brightness Curves. Projeted
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hybrid oardles pressed with medium pressure with
epoxy binder. Numbers on data points are the can-
dle MAPI test numbers.
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APPUEDIX VIII

EFD ZIVE BRIGHM'NESS CURVES
(for cast candles)

Figure 29: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with silicone
binder. Numbers on data points are the candle MAPI test numbers.

Figure 30: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with epoxy binder.
Num ers on data points are the candle MAPI test numbers.

Figure 31: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with polyester
binder. Numbers on data points are the candle MAPI test numbers.

Figure 32: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast with polysulfide
binder. Numbers on data points are the candle MAPI test numbers.

Figure 33: Effective Brightness Curves. Projected surface area
of the flame vs luminous intensity for candles cast in an aluminum
candle case with a polyester-epoxy binder. Numbers on data points
are the candle MAPI test numbers.
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Figure 29: Effective Brightness Curves. Projected
surface area of the flame vs luminous intensity for
candles cast with silicone binder. Numbers on data
points are the candle MAPI test numbers.
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Figure 30: Effective Brightness Curves. Projected
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points are the candle MAPI test numbers.
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Figure 31: Effective Brightness Curves. Projeoted
surface area of the flame vs luminous intensity for
oandles oast with polyester binder. Numbers on data
points are the oandle MAPI test numbers.
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Figure 32: Effective Brightness Curves. Projected
surface area of the flame vs luminous intensity for
candles cast with polysulfide binder. Numbers on
data points are the candle MAPI test numbers.
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Numbers on data points are the candle IAP.PI test numbers.
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APPENDIX IX

Polar Plots of Light Distribution
for Candles 426 and 394

Figure 15: Luminous intensity (xlO6cd) by photocell at about the
12th second into the burn of double star cavity candle MAPI 426.

Figure 34: Luminous intensity (xlO6cd) by photocell at about the
20th second into the burn of double star cavity candle MAPI 426.

Figure 35: Luminous intensity (xlO6cd) by photocell at about the

10th second into the burn of double star cavity candle MAPI 394.

Figure 36: Luminous intensity (xlo 6cd) by photocell at about 20th
second into the burn of double star cavity candle MAPI 394.

Figure 37: Luminous intensity (xO 6cd) by photocell at about 30th
second into the burn of double star cavity candle MAPI 394.
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Figure 15: Luminous intensity (xlO6 od) by photooell at about the
12th seoond into the burn of double star oavity oandle MAPI 426.
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10th second into the burn of double star cavity candle MAPI 394.
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Figure 36: Luminous intensity (xlO06od) by photocell atabout ; Oth
seoond into the burn of double star oavity oandle MAPI 394.

91



i -,-481 61

22' 6.5"'1/ l

TOWER 1-- 00'

MAPI 394
Scan #27 801

SIDE VIEW

t2 3 14 iS 0 107
9.9 9.2 9.6 10.0 11.2 11.5 12.5

10 32 3 34 35 20e of
8 .8 j 8.h 7.7 6.8 10.9 13.0 12.2

4 5 37 t
11.8 8.7 8.9 5.7 12.4 12.5

* 0 0 0 0 0a 41 £2 3
12.9 9.4 8.6 ".1 10.2 11.7

31 TOWER.

* 0 0 0 *
7 4Z 50 49 1 47 P1

15.9 11.4 8.7 7.2 7.4 8.7 10.7

* 0 0 0* 30o 41 418 36 22

17.3 15.0 11.1 7.0 11.0 10.2

29 228 40 s9 19

17.6 11.4 14.5 8.5 9.7 9.8 10.0

a a 25 24
16.9 13.1 13.7 11.4 8.7 '8.9 8.7 i

0 25' 50'
GROUND VIEW

Figure 37: Luminous intensity (xlO
6 od) by photocell at about 30th

second into the burn of double star cavity candle MAPI 394.
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